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A3STRACT 



The technique for optimizing multidimensional functions 
developed in Refs. (7), (10), and (13) has been applied in this 
report to the preliminary design of a multimission naval auxil- 
iary. The algorithm computes a number of effectiveness factors 
for each design which reflect the ship's ability to meet its 
specified mission requirements. These factors are then combined 
with the ship's twenty-five year life cycle costs in an optim- 
ization criterion which permits selection of an optimum design. 
Sample results ootained from the algorithm described in this re- 
port are tabulated in Taoles III, IV, V, and VI. 

Unfortunately, the optimization technique utilized in this 
report did not permit examination of results in terms of the ef- 
fect on cost of each individual effectiveness factor. For this 
reason, tne recommendation is made that for future studies of 
this kind, an entirely new approach should be taken as described 
in Section IV. 
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The exponential random search optimization tecnnlque util- 
ized in Refs. (1C) , (13), and (7) for the preliminary design of 
cargo ships, tankers, and container ships respectively, is based 
upon searching for the set of independent design variables which 
describe the least cost ship satisfying a specific set of owner 
requirements. The optimization schemes are basea upon economic 
criteria whose significance are readily apparent. 

This same least cost procedure is not valid when designing 
a multimission naval ship. Costs must be balanced against the 
ship's ability to perform one or more military missions whose 
effectiveness cannot be readily measured in economic terms. The 
problem is one of placing a numeric value on "mission effective- 
ness" in such a way as to be meaningful when comparing one de- 
sign with another and when matching cost with effectiveness. 

This is necessary in order to select one design as optimum or 
most cost effective. 

The primary purpose of this report is the examination of 
one method of analyizing cost effectiveness in a multimission 
naval auxiliary. Dimensionless effectiveness factors are com- 
puted which reflect the ship's ability to meet its mission re- 
quirements. The sum of the factors computed is divided into 
the design's twenty- five year life cycle cost in an attempt to 
balance the effectiveness measures chosen with cost. The ship 
design which has the lowest numeric value of cost/effectiveness 
is the design selected as optimum. 
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The independent, design variaoles adopted far the naval aux- 
iliary of this report are identical with those used in Ref. (10) 
and are listed in Table I. The design model is patterned after 
the present designs of AOS ' s ana AOR's and is described in Ap- 
pendix A-1. Vine re thu design procedure differs marxedly from 
that in Ref. (10), justification is provided in both this section 
and in /.ppenaix A. 

The list of initial requirements that must oe specified at 
the outset of the optimization procedure is given in Table II. 
Although this study is not concerned with how the requirements 
of Table II are determined, these requirements must be consider- 
ed when deciding what importance or weighting to place on the 
four measures of effectiveness which are calculated during the 
computer design process. This point will be discussed in more 
detail when the effectiveness measures are presented later in 
this section. 

Restrictions on the values that the independent variables 

♦ 

of Table I can assume are imposed by stability, freeboard, 
strength, ana powering considerations. The ' restrict ions are- 
as follows: 

1. Ream/araft, speed-length ratio, prismatic and volumetric 
coefficient limitations are determined by the coverage of the 
Taylor's Standard Series used in the powering calculations, 

Ref. (9). These ranges are about as follows: 

2.25 = 3/T ( XV ( 4 ) ) 3.75 
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Independent 


Ship uesig 


n Variaoles, XV(i) 






Item 


Symcol 


Units 


Variable 


1 ) 


Displacement 


A 


long tons 


XV(1) 


2) 


Prismatic Coefficient CP 


non-dimen. 


XV(2) 


3) 


Speed- length ratio 


v/v<T 


knots 

feet^ 


XV(3) 


4) 


Beam/Draft 


3/T 


non-dimen. 


XV( 4) 


5) 


Le ngth/Depth 


l/d 


non-dimen. 


XV(5) 






Table 


II 






List 


of Initial 


Requirements 




1 ) 


Payload v/eight in 


long tons. 






2) 


Maximum speed in k 


nots . 






3) 


Replenishment speed in knots. 







4) Endurance speed in knots. 

5) Endurance in nautical miles. 

6) Armament weight in long tons. 

7) Ship's ammunition allowance weight in long tons. 

8) Aviation features weight in long tons. 

9) Transfer equipment weight in long tons. 

10) Liquid cargo weight as a percentage of total payloaa v/eight 

11) Cargo J?-5 as a percentage of liquid cargo weight. 

12) cargo ammunition weight as a percentage of total payload wt 

13) Dry cargo weight as a percentage of total oavload v/eight. 

14) Maximum allowable beam in feet. 

15) Maximum allowable draft in feet. 

16) Transfer' power requirements in horsepower. 
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These limits on speed-len 
coverage from .001 - .006 



h ratio allow volumetric coefficient 
The limits are specified by formulas 



1 and 2 . 

35 . *XV( 1 )min * (X V (3)min»*6 ) ^ .001 ( 1 ) 

Vmax 6~ 

3 5 • ^XV ( 1 ) max * ( XV ( 3 ) ma x 6 } = .006 (2) 

Vm ax**5~ 



.48 = C? ( XV ( 2 ) ) = .70 

In all cases, except for the upper limit on speed-length ratio, 
CV, and CP, the limitations imposed are not unduly restrictive 
as they represent more range than is normally required for con- 
ventional ship aesign. 

-2. The upper limit on h/l) is imposed by strength considerations. 
The lower limit is the result of using data in Ref. (2) where 10 
is the lowest 1,/D considered. These limits are: 

10.0= L/D ( XV ( 5 ) ) ^*14.0 



3. The limits on displacement initially represented values around 
those incorporated in present ship designs of the auxiliary 
type. However, they are also a consideration when determining CV 
coverage as shown in equations 1 and 2. These limits are: 

45000 =& ( XV ( 1 ) ) = 60000 

1 Program L ogic 

The program operat.es on the five design variables under the 
control of tne main or executive routine. The general flow 
chart is shown in Figure I. 

The main routine first calls upon the input suoroutine to 
read in the initial data and set up the first page of output. 
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with trie procedure descrioeu in Ref. (10). briefly, a design 
laop which includes five design cycles is originated. Rach of 
the design cycles allows five updates per independent variable, 
if necessary, to obtain a satisfactory design in the particular 
cycle being calculated. Formula 3 is the updating equation. 

XV(i) = X3(i) + (XMAX(i) - XMIN( i)«( (2.0*RAND(0.0)-1 .0)**M) (3) 
Xd(i) is the value the independent variable has in the latest 
best design. RAND (0.0) is the random number (a number between 
-1.0 and +1.0). M is the exponent in use for the particular 
loop in operation. 

A check is made to ensure that the updated variable lies 
within the limits placed upon that particular variable. If the 
variable is outside tne prescribed limits, the updating process 
is repeated. 

After five design cycles have been completed, the loop 
counter is incremented bv one and the design orocess repeats it- 
self until the prescribed number of loops has been run. Any one 
of the design cycles might produce an improved design when com- 
pared to the previous best design or to the initial solution 
calculated . 

Within each design cycle the main program first calls the 
design subroutine which computes a general weight balance in- 
cluding the actual payload weight. In addition, transverse GM 
is calculated and checked against a required minimum GX. This 
procedure is described in Appendix A-1 . 

If the user feels the design may be volume limited (based 
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calls the volume susrcutine. In this subroutine , the total in- 
ternal hull volume is computed and the volume requirements for 
living and operating spaces are suotracted from tnis total. The 
remaining volume is available for payload. A check is made 
whether tnis remaining volume is sufficient for the actual pay- 
load carried. The required volume is based upon the payload 
weight previously calculated in the design subroutine. If there 
is not sufficient volume, the design is rejected. This proced- 
ure is described in Appendix A-2. 

The main program next calls upon the cost subroutine which 
computes the acquisition cost, annual operating cost, and twen- 
ty-five year life cycle costs. This procedure is descrioed in 
Appendix A-3 • 



The next subroutine called is the effectiveness subroutine 
which evaluates the efi ectiveness measures and computes "cost 
effectiveness" for the particular design being calculated. This 
variation from past optimization procedure is the salient feature 
of this report and is described in Section II-2. 

The main program compares the return from the effectiveness 
subroutine with the lowest previous value of cost effectiveness. 
If the new design has a lower value of cost effectiveness, the 
design is saved ana printed output is generated. Should a prior 
cost effectiveness be lower in value, no further action is taken 
with the new design. The cycle is then terminated and a fresh 
design cycle initiated. 

Upon the completion of the last design loop, the output 
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sample output . ) 

2 Evaluation of the Effec t i vene s s Measure s 

As was stated previously, the significant feature in the 
replenishment ship design program is the determination of a num- 
erical method for measuring mission effectiveness. four effect- 
iveness inaicators were chosen as being representative of a en- 
sign's ability to carry out its prescribed mission. They are: 

i. Comparison of actual mission fuel requirements to the tra- 
ditionally required fuel necessary to steam a specified 
endurance distance. 

ii. Comparison of freeboard required with available freeboard. 
This is an indication of the requirement for dry decks 
topside to permit personnel engaged in at-sea cargo trans- 
fer suitable working conditions. 

iii. Comparison of actual payload carried to that required as 
an input to design. 

iv. Comparison of actual volume available to that required by 
the calculated payload. 

The first measure is significant because the ship must have 
sufficient oankor fuel on board to enable it to deliver its pay- 
load to the ships needing replenishment irrespective of the tra- 
ditional requirement for sufficient fuel to steam a specified 
distance. If this fuel is not on board, the payload must be re- 
duced or part of tne pay load fuel must be used as ounmer fuel. 

The second measure is imoortant because topside personnel 
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nificance as the oercentage of dry cargo is increased and more 
direct handling of the cargo is required by the snip's crew. 

The tnird ana fourth measures selectsa require the design 
to meet the initial specifications witn regard to payload. Al- 
though the algorithm permits aesigns of less than required pay- 
load weight, it rejects all those with inadequate volume. 

These four measures are numerically evaluated by means of 
equations 4, 5, 6, and 7 respectively. The fuel effectiveness 
factor is: 



EFORFL = ( (WTFUEL - EF JEL) /Sr JEL) (4) 

EFORFL = ship's fuel effect iveness factor. 

WTFUEL = fuel weight necessary to steam the specified 
endurance distance. 

EF'JEL = fuel weight necessary to accomplish the 
specified mission scenario, 
k = normalizing factor, described later in 
this section. 

W = user weighting factor, described later 

in this section. 

The replenishment scenario chosen for this study to compute 
EFJEL is representative but can be altered at the discretion of 
the user. It is described in detail in Appendix ^-4. Incorpor- 
ated into the replenishment scenario is the pumping capacity 
needed by the replenishing ship (based on present practice). 

The freeboard effectiveness factor is: 

EFREE = ((FA - FMIN)/FMIN)*k*W 

EFREE = freeooard effectiveness factor. 

FA = available freeboard. 

FMIN = minimum allowable freeboard. 
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oased on a damage survivaoili ty requirement which is that ail 
uesigns must be capable of sustaining a permanent list of 15 be 
grees with the addition of 5 degrees of dynamic roll without 
submerging the deck edge. This restriction is consistent with 
the information presented in Ref. ( 11 ). 

The payload effectiveness factor is: 



EPAYLD = payload effectiveness factor. 

WTPLD = actual payload weight. 

WPLD = required payload weight. 

The actual payload weight is the weight calculated within 
the algoritnm. The required payload weight is part of the in- 
itial input to bne program. 

The volume effectiveness factor is: 



EVOL = volume effectiveness factor. 

VOI.ACT = actual volume available for payload. 

VOLREQ = volume reouired bv calculated oavload. 

v j. i/ i. t. 

The available payload volume is that volume below the main 
deck remaining after meeting the ship's operating and service 
volume requirements. The required payload volume is the volume 
necessary for the payload calculated within the algorithm. 

The four factors as comoated in equations A, 5> 6, and 7, 
are non-dimensional. They are multiplied by a normalizing fact 
or (k) such tnat if a user weighting factor (V/) of one is as- 
signee. to each ef i ect iveness factor, the average value of all 
the effectiveness factors will be 2.0. The actual k values ut- 



EPAYLD = ((WTPLD - Y/PLDj/WPLD) }*k*W 



( 6 ) 



EVOL = ( ( VOLACT - VOLREQ ) /VOLREQ ) 



(7) 



il izeu are shown in tie program list ir.-;r (..pp- -r.. ix _) and are 

ascendent aeon the cargo mix initially selected. 

The k values were originally chosen oasec upon a random 
sampling of the program output utilizing 50 aesign loops. An 
aaaitional "write" statement was adaed to the algorithm so that 
the computed values of the effectiveness factors were written 
out for every successful design completed, not just those whose 
computed cost effectiveness was better than any previous design 
Sample output was taken at the following discrete values of li- 
quid cargo to total cargo: 92$>, 80 %, and 70 %. For each effect- 
iveness factor' and for each cargo mix, the values obtained dur- 
ing the 50 loops were summed and the resultant sum was divided 
by the total number of results outputted for that factor. This 
division nave the arithmetic mean for each effectiveness factor 
This mean value was a function of the cargo mix selected. In 
each case, a k factor was derived so that by multiplying the 
mean value of the effectiveness factor by the k value, the ef- 
fectiveness factor takes on the value 2.0. 

For example, the fuel effectiveness factor results were as 
follows : 



% Liquid Cargo 



Number of 



Arith. Mean 



k value for 



(XPCT) 


Results 


of EFORFL 


EFORFL = 


.92 


235 


.372 


5.37 


.80 


144 


.441 


4.54 


.70 


90 


.518 


3.87 



Based on these aata, the following equation was fitted relating 
k to XPCT : 



k = ( 1 . 46*XPCT + 4.5) <: 'XP0T 



volume effectiveness factors. 

The Vt factors are incut weighting factors selected by the 
user. The user may decide that one effectiveness measure is 
more significant than the others and the ability to indicate 
this preference is an input parameter. The influence of weight 
lng is demonstrated in Sections III and IV. 

The four effectiveness factors computed by equations 4, 5, 
6, and 7 are incorporated into an overall mission effectiveness 
EFF, by means of the following equation: 

EFF = 35. effectiveness factors | (8) 

The number, 35? is an arbitrary number of "effectiveness 
units" given to any successful design. It is based on results 
obtained from tne algorithm as follows: 

During the preliminary tests of the algorithm, the results 
showed that the sum of the four effectiveness factors was about 
4.0 for successful designs. The designs range a in cost from 
150 to 170 million dollars. The range in costs was, therefore, 
12.5 percent of the average cost for these designs. • The arbi- 
trary selection of 35 effectiveness units was made so that the 
change in total effectiveness was of the same order as the 
change in costs. That is, 4.0 is 11.5 percent of 35. 

Subtracting the sum of the absolute values of the effect- 
iveness factors in equation 8 has the effect of driving the de- 
sign towards just meeting the mission requirements, V.'ith one 
exception, equal penalty is assigned to both falling below and 
surpassing the basic requirements. The only exception to this 
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carriea 
is the 
EFF as 



CCVERE = TC03T/ZFF 



COVERE = optimization criterion. 

TCCST - twenty-five year life cycle cost. 

The algorithm selects the design with the lowest value of 
COVERE o.s being the optimum design. 



Example results obtained by using the algorithm, of this 
report are given in this section. Common values of the input 
requirements (Table JI) , with the exception of the cargo mix to 
be carried, were used for all tests. These values are given in 
Appendix C. The program was first used to examine the effect 
on design of changing the mission requirements by varying the 
cargo mix selected while holding the payload weight constant 
(Tables III and IV). Next, the effect of altering the effect- 
iveness weighting factors was investigated (Taole IV). Finally, 
the effect of requiring only sufficient fuel for the actual re- 
plenishment mission with no endurance fuel requirement in the 
traditional sense, was examined (Tables V and VI). 

The ratio of the sum of dry cargo weight and cargo ammuni- 
tion weight to payload weight was varied from 0.08 to 0.35* The 
ratio of cargo ammunition by v:eight to dry cargo weight v/as cho- 
sen to oe 3.54. This figure corresponds to the cargo distribu- 
tion carried in present nOE's. In all but the first tests (col- 
umns 1 and 2) listed in Table III, the algorithm was required to 
complete 1000 design loops. The first two tests utilized 700 
loops. The exponent used in the updating mechanism was held at 
one for 60% of the loops, three for the next 20^ of the loops, 
five for the next 1 Q % , ana seven for the last 10^ of the loops. 

The number of improvements outputted for each design prior 
to reaching the final design, is listed in all Tables for each 
final desim. 
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Variation in Mission Requirements as Reflected d y 
Changing the Cargo Distribution 



Column Mo. 


1 


2 


3 


4 


XPCT (% Liquid Car 


go) .92 


t r\ 
00 

• 

1 


.80 


.75 


Displacement (?) 


48334 


497 f2 


"49758" 


50095 


Co 


.592 


.590 


.543 


• 550 


v//r 


. 926 


.920 


.923 


.921 


3/T 


2.279 


2.511 


2.465 


2.544 


L/D 


11.23 


1 1 .31 


10.93 


11.90 


Length (ft) 


788 . 5 


800.0 


793.1 


795.9 


Beam ( ft) 


92.0 


97.3 


101 .3 


102.3 


Draft (ft) 


40.4 


38.6 


41 . 1 


40.2 


Depth ( f t ) 


70.2 


70.5 


72.5 


71 .8 


C'D 


• 578 


.57o“ 


.527 


.535 


Crn 


.976 


.975 


.972 


.972 


Cv 


.00345 


.00339 


.00349 


.0C347 


Cw 


.745 


.745 


.727 


.729 


Maximum SH? 


86 1 87 


8284c 


78143 


. 503o7 


Endur. SHP 


1 8008 


19013 


18252 


18441 


Enaur. Fuel (T) 


3690 • 06 


421 4. 9o~ 


3ST7.55 


3915:01 


Mission FI. (?) 


2738.17 


2895.67 


2637.31 


2614.20 


Lignt Ship Lisp. 


17491 


1 0333 


1 0758 


18992 


Payload Can. (T) 


25699 


25726 


25713 


25718 


Avail. Pla. Vol. 


1153076 


1230029 


1292599 


I 339178 


Read. Pld . Vol. 


1 1 52041 


1230250 


1292480 


1 338855 


GM (ft) 


~3759~ 


8.51 


9.73“ 


'"' 9 ". 06 


Complement 


542 


553 


5B3 


~5H9 


Costs in millions 


of dollars: 








Acquisition 


57.54 


59.46 


59.65 


60.00 


Annual Operating 


6.55 


6.64 


7.01 


7.08 


25 Year Life 


159.9 


163.1 


169.2 


170.6 


Mo. of Imoro'ments 


34 


22 


26 


21 


weighting Factors 


utilized : 








Fuel 


1 .0 


1 .0 


1 .0 


1 .0 


Freeboard 


1 .0 


1 .0 


1 .0 


1 .0 


Payload V/eight 


5.0 


5.0 


5.0 


5.0 


Payload Volume 


1 .0 


1 .0 


1 .0 


1 .0 
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Effect of 


Changes in 


V/e ighting 


r actors 




Column No. 


1 


2 


3 


4 


XPCT (?b Liquid Carmo 


L -70 


.70 


.65 


.65 


Displacement (?) 


51214 


51288 


4951 1 


51255 




.634 


.646 


.639 


.520 


v/Jl 


.888 


.905 


.892 


.907 


3/T 


2.820 


3-076 


2.657 


2.955 


L/P_ _ ___ 


13.73 


13.49 


13.00 


12.76 


Length (ft) 


857.9 


624. 4 : 


649 . 2 


c2 1 . S 


Seam (ft) 


97.4 


102.8 


93.1 


103*1 


Draft (ft) 


34.5 


33.4 


35-0 


34.9 


Depth (ft) 


62.5 


61 . 1 


65-3 


64.4 


Cb 


.621 


.633 


.626 


.507' 


Cm 


.979 


.960 


.980 


.976 


Cv 


.00284 


.00320 


.00283 


.00323 


Cw 


.767 


.773 


.769 


.759 


Maximum SH? 


93547 


103976 


92337 


96663 


Endur. SH? 


19643 


19777 


19008 


1 9681 


Enaur. fuel (T) 


4539.14 


4613-80 


4212.3*1' 


4563 .3o~ 


Mission FI . ( T ) 


2836.20 


2953.61 


2596.00 


2778.30 


Light Ship Lisp. 


1 951 1 


19437 


16979 


1 9504 


Pay load Cap. (T) 


25678 


25715 


24845 


25680 


Avail. ?ld. Vol. 


1392373 


1394501 


1396593 


1 4‘462o2 


Reed. Fid. Vol. 


1392334 


1394369 


1398676 


1445633 


GM (ft) 


10.0 


13.35 


6.15 


11.62 


Complement 


5 64 


575 


559 


557 


Costs in millions of 


dollars : 








Acquisition 


60.17 


60.45 


59.42 


50 .60 


Annual Operating 


6.81 


6.99 


6.74 


7.07 


25 Year Life 


166.6 


159.6 


154.7 


171 .0 


No. of Imoro'ments 


20 


19 


~T4~ 


15 


’weighting Factors Ut 


ilized : 








Fuel 


1 .0 


0.5 


1 .0 


0.5 


Freeboard 


1 .0 


0.5 


1 .0 


0.5 


Pay 1 oaa Y/e ight 


5-0 


6 .0 


5.0 


6.0 


Payload Volume 


1 .0 


1 .0 


1 .0 


1 .0 



-IQ- 



Fade 



Comparison of resigns With and Without 
Endurance (10,000 mile) Fuel Requirements 



Column No. 


T 


2 


3 


5 


XPCT Liquid Ca 


n i 
\n\ 

0 1 

H 

1 

! 

• 

CO 

0 


' 

j 

Oj 

00 

♦ : 

1 


.75 


.75 


Disolacement (?) 


4975c 


48051 


50095 


48123“ 


Cp _ 


.543 


.597 


.550 


.700 


v/yr 


.923 


.928 


.921 


.896 


3/T 


2.455 


2.76? 


2.544 


2.667 


L/D 


10.93 


11.84 


1 1 .90 


13.68 


Length (ft) 


793 . 1 


764 . 7 


796.9 


~"84l .4 


Beam (ft) 


101 .3 


100.9 


102.3 


88 . 0 


Draft (ft) 


41 . 1 


36.5 


40.2 


33.0 


Leoth (ft) 


72.5 


66.3 


71 .8 


_6i .5 


Cb 


.527 


.582 


.534 


.889 


Cm 


.972 


.976 


.972 


.985 


n v 
u V 


.00349 


.00348 


.00347 


.00283 


Cw 


.727 


.748 


.729 


.808 


Maximum 5 HP 


78143 


91593 


80J6T 


163806 


Endur. SH? 


18252 


18284 


18441 


18787 


Endur. Fuel (T) 


3817.55 


"2575 ♦ 1 2 


391?. oi 


2632 .58 


Mission FI. (?; 


2637.31 


2675.12 


2614.20 


2832,68 


Light Ship Disp. 


1876o 


1 8276 


1 8992" 


1 5290 


Payload Cap. (?) 


25713 


25619 


25718 


25506 


Avail. Pld. Vol. 


1292599 


1287816 


1339176 


132b23"5~ 


Reqd. Fla. Vol. 


1292480 


1287727 


1338855 


1327829 


GM Cft) 


9.78 


10.93” 


9 ♦ 66 


T.05 


Comolement 


583 


5 S3 


589 


534 


Costs in millions 
Acquisition 


of dollars: 
59.65 


58 . 80 


60.00 


58.30 


Annual Operating 


7.01 


6.79 


7.08 


6.48 


25 Year Life 


169.2 


164.9 


170.6 


•159.5 


No. of Imoro'ment 


s 26 


23 


21 


tb~ 


Vi e ight ing F actors 
Fuel 


Jtilizec : 

1 .0 


1 .0 


1 ;o 


1 .0 


Freeboard 


1 .0 


1 .0 


1 .0 


1 .0 


Pay 1 oad We ight 


5.0 


5.0 


5.0 


5.0 


Payload Volume 


1 .0 


1 .0 


1 .0 


1 .0 
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Comparison of Designs With and Without 



Endurance (10, 


000 mile) 


Fuel Requi 


rements , 


Revised 


Column No. 


1 


2 


3 


4 


XFCT ( % Liquid Cargo 


) . 80 


.00 


.o5~ 


.65 


Displacement (T) 


49756 


46622 


50992 


51165 


Co 


.543 


.552 


.549 


.512 


v/yr 


.923 


.893 


.892 


. 855 


3/T 


2.455 


2.323 


2.393 


2.554 


L/D 


10.93 


11.93 


1 1 .53 


13.29 


Length (ft) 


793 . 1 


848.3 


“849.0 


923.6 


3eam (ft) 


101 .3 


93-2 


97.2 


99.9 


Draft (ft) 


41 . 1 


40. 1 


40.5 


39.1 


Depth (ft) 


72.5 


71 . 1 


73.7 


59.5 


Cb 


. 527 


.536” 


.534 


. 496 


Cm 


.972 


.972 


.972 


.96 9 


Cv 


.003^9 


.00279 


.00292 


.00227 


Cw 


.727 


.730 


.729 


.718 


Maximum SHF 


78143 


74628“ 


77890 


77708 


Endur. SH? 


18252 


19137 


18718 


19033 


Endur. Fuel (T) 


3817.55 


25b5.73 


4060.61 


2598723 


Mission FI. (T) 


2637.31 


2585.73 


2530.72 


2598.23 


Light Ship i/isp. 


18768 


I8b51 


19756" 


21399 


Payload Cap. (T) 


25713 


25734 


25696 


25691 


Avail. Pld. Vol. 


1292599 


1293568 


1446691 


' i4~48c4~9~ 


Read. Pld. Vol. 


1292460 


1293528 


1446541 


1446265 


GM (ft) 


9.78 


6 . 50 


5-90 


10.25 


Complement 


583 


582 


614 


674“ 


Costs in millions of 


dollars : 








Acquisition 


59.65 


59.30 


61 .02 


63.32 


Annual Operating 


7.01 


7.01 


7.34 


7.34 


2p Year Life 


169.2 


168.7 


175.7 


178.0 


No. of Im pro * me n t s 


27T" 


20 


16 


9 


Weighting c actors Utilized: 








Fuel 


1 .0 


1 .0 


0.5 


0.5 


Freeboard 


1 .0 


1 .0 


0.5 


0.5 


Payload Weight 


5.0 


5.0 


6.0 


6.0 


Payload Volume 


1 .0 


1 .0 


1 .0 


1 .0 
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The design listed in column 1 of Taole III has the same 
cargo uistr ioution as AOE-3 and as result is similar to the 
existing design. The AOH-3 is slightly larger in size (AOOC 
tons of full load displacement) out this is as expected because 
the algorithm used in this study drives the final design towards 
just meeting its volume requirements whereas this was not neces- 
sarily an objective in the design of the existing ship. The 
similarity indicates that the design model of the algoritm is 
adequate for designing ships of the AOE-type. 

All the designs listed in Table III demonstrate the expect- 
ed result that the optimum design, as selected by the program, 
increases in dimension, displacement, and cost as the payload 
volume requirements are increased (increasing the percentage of 
dry cargo) -while holding the payload, weight constant. In replen- 
ishment ship design, this is also expected because the manning 
requirement increases as the percentage of dry cargo carried in- 
creases. The manning level increase is due to the fact that 
more personnel are required for transfering dry cargo than li- 
quid cargo as more direct handling of dry cargo is called for 
during cargo transfer. The adaitional personnel occupy more 
space within the ship and therefore, they too, add to the need 
for increased snip size. 



It was 
of Table IV 
Table III. 



expected that the designs listed in columns 1 and 3 
would follow the same .trend as the designs listen in 
However, due to their much larger percentage of dry 
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longer applicable 
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urr.ns 2 ar.ci 4 of 



of Taole IV show that by reducing the weighting factors on the 
fuel a.nd freeboard effectiveness measures (less penalty for ex- 
cess or insufficient fuel and freeboard as the designs carry 
more dry cargo) and by increasing the payload weighting factor, 
the designs in these columns follow the pattern estaolishea in 
Table III. That is, increasing volume requirements promote de- 
signs of increased dimension, displacement, and cost. 

The replenishment scenario used in computing mission fuel 
requirements, Appendix A-4, is based on a particular liquid car- 
go transfer rate given in Appendix A-4. The mission fuel re- 
quirements are, therefore, sensitive to changes in the amount of 
liquid cargo carried. However, the mission fuel requirements 
were not, unfortunately, made sensitive to changes in transfer 
time occurring as a result of the ada.itional bulk cargo to be 
transferea. Therefore, for the designs of Columns 2, 3, and 4 
of Table III and for all the designs of Table IV, less penalty 
should be assigned if the mission fuel and the endurance fuel re 
cuirements (see equation 4) are not the same. This may be ac- 
complished by reducing the weighting factor as is done for the 
designs in Columns 2 and 4 of Table IV. 

Reduction of the freeboard weighting factor in Columns 2 
and 4 of Table IV allows for more freeboard in the final design 
which is necessary in volume limited designs. Finally, the in- 
crease in the payload weighting factor increases the importance 
of meeting the initial payload weight requirement by assigning 
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to fa 


■llir.” below or curcas 


load weight. 


The 


payloads in the deslg 



one rrepcnced pay- 
Aie designs of Columns 2 and 4 are 

therefore more nearly equal to the initial requirements tnan are 
the payloads listed for the designs of Columns 1 ana 3. 

It was expected that the results of Taole V would show that 
by eliminating the requirement to carry a prescrioed amount of 
endurance fuel regardless of the mission, the resultant designs 
would be reduced in dimension, displacement, and cost. The ex- 
pected result is not apparent in this Table because the manning 
levels computed for designs 1 and 2 and for designs 3 ana 4 
(each set having the same cargo distribution) are not the same. 
The equation used to compute manning in these tests was depen- 
dent cn ship size (cubic number) and the installed S.H.P.. As 
a result, the manning levels varried even when the basic cargo 
requirements were the same. This inconsistency within the al- 
gorithm greatly affected the costs for these designs and there- 
fore invalidated the comparisons. 

A change in the manning equation which made it dependent 
only upon the prescribed cargo distribution corrected, the error 
present in the results of Table V (see Appendix A-1, equation 
10) . This new equation is used in the computations for the de- 
signs listed in Table VI. In this Taole, the comparative de- 
signs in Columns 1 and 2 did show some reduction in dimension, 
displacement, and cost when the endurance fuel requirement was 
removed. The result was expected but the importance of changing 
the endurance fuel requirement seems minimal. A total savings 
in acquisition cost of slightly unuer 5300,000 was all that was 



compared to the loss in operational flexibility due to the de- 
creased amount of bunker fuel on board. 

The ce signs listed in Columns 3 and A of Table VI do not 
show the same comparative results as do the designs of Columns 
1 and 2. As indicated, there were far fewer improvements made 
in the designs of Columns 3 and A during the 1000 design loops 
than in the designs of Columns 1 and 2. It is possible that 
additional design loops would result in designs consistent with 
those in Column 1 and 2 of this Table. 

It is even more likely that for the 33^ dry cargo designs 
of Columns 3 and A that the input constraints placed upon the 
design variables are too restrictive. The constraints were held 
constant for all the tests made during this study and they could 
have been unduly restrictive for designs carrying more than 25 ^ 
dry cargo. The constraints are input parameters and can be 
readily changed as long as the restrictions imposed by equations 
1 and 2 are enforced. 

The results of all the tests made for this study, partic- 
ularly the weighting factor tests listed in Table IV, have dem- 
onstrated the need for a aifinitive means of measuring the ef- 
fect on life cy ile costs of a specified change in the effective- 
ness factors. The algorithm has provision for weighting the ef- 
/ 

fectiveness factors but unfortunately, the user does not know 
a priori what weighting to use. As there is no way of determ- 
ining the sensitivity of the design to individual changes in 
the effectiveness factors, the user may only guess what the cor- 



v:ei;;riL. 



s> tj 



cr:OU iu ce . 



a result of this inaceou&cy within the present algorithm, 
no conclusion may be drawn as to whether or not the final designs 
outputted are meaningful optima. 

It appears that a better approach must be sought to opti- 
mizing the design of ships whose effectiveness is measured in 
non-eeonomic terms. It would be useful to be able to determine 
the sensitivity of life cycle costs to changes in the individual 
effectiveness factors. One means of accomplishing this task 
would be an algorithm which incorporates both the exponential 
randon search technique ana the parametric search technique. 

The effectiveness factors desired could be included as input as 
are the mission requirements of Table II. A parametric search 
could be made oegining with the input values of the effectiveness 
factors and then incrementing the search through any predeterm- 
ined range of values for each effectiveness factor. The addit- 
ional programing necessary would only require that a series of 
imbedded "DO loops" be placed within the present algorithm and 
the current effectiveness calculations removed. 

The currently utilized exponential random search could be 
used to find the optimum design for e^ch set of specified effect- 
iveness parameters. The results of such an algorithm would in- 
dicate to the user what each change in the individual effective- 
/ 

ness factors cost. V.'ith this knowledge, decisions concerning 
the desired level for each effectiveness factor would be much 
easier to reach. 



The usefulness of the programing approach taken was illus- 



pie, program alterations were necessary to compute Tables V and 
VI. Again, alterations were necessary to incorporate a new man- 
ning equation. The first change was a relatively simple matter 
of shifting calculation blocks from the effectiveness subroutine 
to the design subroutine. This had the effect of replacing the 
previously utilized endurance fuel equation of the design algor- 
ithm with the mission fuel calculations and renaming the result 
so as to be consistent with the variable names used originally. 
In the second case, a card change was all that was required to 
institute the new manning formulation. Other refinements to the 
algorithm, necessary during the course of this study, were also 
facilitated by the programing technique utilized. 



1. The resign model used in the algorithm of tnis report pro- 
vides designs consistent with the parent ships from which 
the design model was derived. 

2. No conclusion may be drawn with regard to the effectiveness 
factors chosen for this study as it has not been possible 
to determine accurately, their individual effect on design 
or cost. 

3. It appears that the multimission ship optimization problem 
requires an algorithm incorporating both the exponential 
random search and the parametric search technique. 

4. Increasing volume requirements with the same payload weight 
requirement results in designs of increased dimension, dis- 
placement, and cost. 

5. Eliminating the endurance fuel requirement for the replen- 
ishment ship of this report does not institute significant 
savings in ship cost while it may reduce the flexibility 
of the final oesign. 

6. The programing techniques utilized in this reocrt provide 
a significant advantage to the programmer when alterations 
become necessary to the algorithm. 
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The following is a list of additional investigations c on- 
side ren to be of paramount importance in future studies of this 
k ind : 

1 . Other effectiveness parameters should be investigated. The 
four factors used in this report are not necessarily ex- 
haustive of the possible measures that may be evaluated. 

In particular, other means of evaluating the requirements 
for the replenishment mission may be necessary to reflect 
the bulk cargo transfer rate. 

2. The entire algorithm should be revised to incorporate the 
parametric search technique in conjunction with the current- 
ly utilized exponential random search technique. This is 
necessary in craer to examine in detail the individual ef- 
fect of each effectiveness parameter on design and cost. 

3. An investigation should be made to determine the effect 
that the initial constraints have upon the final design 
selected. In particular, the constraints used in this 
report should be changed for the more volume limited designs 
investigated (those designs with more than 25 /S bulk cargo) 
to determine if the constraints used unduly restricted 

the results obtained. 
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ij.eta.ils of Procedure 
1 . uesign Suoroutlne 

The design algorithm calculates the weight breakdown for 
each design. This is done by computing weights for the seven 
standard weight groups, margin weight, light ship displacement, 
operating fluids ana stores weight, and the actual payload. In 
addition, minimum and actual GM are computed within this sub- 
routine . 

The following equations are used to compute the weights of 
the seven weight groups. The equations are patterned on the 
designs given in Refs. (5) ana (12), witn the exception of 
weight group one which is modeled on data presented in Ref. (2). 

a. Hull Structure: 

VTGRP(I) = (.206 + .003*(XV(5)-14. ))*CN + .01 1*( CN-50000. ) 

+ 6250. *03 +375.*(XV(5)-14. ) - 2000. 

b. Propulsion: (based on installed S.H.P.) 

Vv'TGRP ( 2 ) = ,00471*SHP + 1001. 

c. Electric Plant; ( bases on installed S.H.P.) 

WTGR?(3) = .306* ( SHP/1000. ) +338.4 

d. Communications and Control: 

i. Interior communications systems: 

SG40 1 = . 3 1 2*( ON/ 1 000 . ) t 10.64 

ii. Countermeasures and ship protective system: 

SG403 = .3165* (ON/1 COO. ) + 30.49 

iii. Communications anu control spare parts: 

S .5450 = . 001 75* (60401 + 55403) +4.0 



iv . 



« 0 ! 
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145-5 re presents a i ixea. weight for electronics systems whose 
dimensions' are not dependent upon the particular design. This 
number also includes navigational systems ana associated equip- 
ment . 



e. Auxiliary equipment; 

i. Equipment dependent on ship size: 

SGLdD = 91 • 1*3QRT(CN/1000. ) 

ii. Equipment dependent on the amount of cargo oil: 
SGPLD = .00356 *XPCT*v/?LD 

iii. Equipment dependent on plant size: 



SGSH? = 40.52«SvtRT(Sh’?/l000. ) 



iv. Total plus 9 % for repair parts: 
V/T GRP ( 5 ) - 1.09*(S3L3D + 31PLD + 
TRANh’T is the input ’weight for required 
f. Outfit: (based on ship size) 

v;tgR?( 6) = 25.5 tt (CN/lOOC. ) + 174. 



janr 



TRANV.'T) 



transfer equipment. 



g. Armament: (input parameter-) 

WT3RP(7) = ARMZNT 

Margin weight is computed as four percent of the sum of the 
above ’weights. Light ship displacement is the sum of the seven 
weight groups olus the margin weight. 



The algorithm then computes crew size dependent upon in- 
stalled S.H.P. anc ship size. This was found to be inadequate 
when makir.a test calculations and an equation based upon the 



carso mix selected was substituted in tne final computations . 



- 34 - 



co:-:p = 54?. + ((i 5 . 75 »(?vTj ?5 * rcr^. 7 // 1 25. } (10) 

This equation reflects the need for more crew when tne ship car- 
ries more 'hulk cargo which would require more cargo handlers. 

If substantial change were made in the armament of the ship, the 
electronics suit, or the engineering plant, the fixed number cf 
542 men would have to be changed also. 

With the results of equation 10, the number of officers is 
computed as 5*5 percent of the complement, chief petty officers 
as 4.5 percent, and the crew makes up the remaining 90 percent 
of the total complement. 

Using data found in Ref. (6), the complement weight is 
calculated as follows: 

WTCOK? - (N0FF*400 + NCP0«330 + NCREW*230 )/2240 

The stores weight and the weight for potable water are com- 
puted based on the previously calculated complement size and 
the necessary stowage factors. 

WTSTOR = .375*30K? 

V/TPTWR = . 15“30MP 

Reserve feed water weight and the weight for lubrication 
oil are both computed based on the installed S.H.F.. 

Y/TFUWR = 2 . 1 8*( SH?/1 000 . ) 

WTL3GL = . 25*"- ( SHP/1 000 . ) 

Ship's fuel weight is determined based on the requirement 
for the ship to have the ability to steam 10,000 nautical miles 
at its prescribed endurance speed. The specific fuel rate data 
was found In Ref. (2). 
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n.i .er tnese wo ignts have boon ua-^eo to Z ho lignt snio dis- 
placement, the sun Is suotracted from the snip's full load dis- 
placement to give the actual payload carried. This weight must 
be greater than seventy-five percent of the required payload 
weight . 



Minimum GM is determined as five percent of the beam. In 
order to calculate the actual GM, vertical moments based on a 
percent of the designed depth are computed to 7 fix the vertical 
center of gravity. BM and KG are calculated in accordance with 
standard formulas found in Ref. (8). 



£jl Volume S ubroutine 

The volume algorithm first maxes a calculation of total 
internal volume below the main decx. This done by computing 
a pseudo-midship's coefficient baseu on the beam and depth rath- 
er than draft. Volume is then determined using the new mid- 
ship's coefficient, Cp, and the previously computed cubic number. 



VOL = CMX^XV (2) "'OW' 1 00 . 

CN = the cubic number 

XV ( 2 ) = Cp 

CMX = pseudo-midship's coefficient 

This ia a conservative estimate of internal volume as no 
provision is made for shear or flair. 

From this total volume is suotractea the volume required 
for llvitig ana operating spaces below the main deck. Living 
space volume, sanitary space volume, an~ stores volume are com- 
puted oasea on uuta given in Ref. (6). They are all dependent 

recuired by the oarticular 



UDon the corn element 



design . 



The 
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ooxes 2 through 5. 

Volumes for passageways, uptakes, ana engineering spaces 
are patterned after the present designs for aCE- 1 ana AOR-1. 

Passageway volume is computed as ten percent of the ship's 
cuoic number. This allows for the dependence passageway volume 
has upon the ship's size. 

Uptaxe volume is taken as 30,000 cubic feet olus a factor 
dependent upon the installed plant size. Equation 11 is used. 

VJPTR = 30000. + 1 00. *( SHF/1000. ) (11) 

The volume required' for the steering .gear room is deter- 
mined as 5000 cubic feet plus a factor dependent upon the in- 
stalled S.H.?. (Equation 12). 

VST1RR = 5000. + 26.*(SHP/1000.) (12) 

Engineering space volume is computed assuming fixed breadth 
and height of the machinery box with the length dependent upon 
the installed S.H.?.. The breadth used is 53 feet ana the clear 
deck height is 45 feet (Equation 13). 

VOLENG = (SHP/100C. 4 40.)*2380. (13) 

In adaition to these computed volumes which are based on 
ship size, complement, and/or installed S.H.?., fixed volume is 
included for s^op and office space. The volume required by 
these spaces may be regaruea as fixed regardless of the design 
being calculates, within the range of interest. 

After the sum of these volumes has been suotractea from 
the previously determined internal volume, tne remaining vol- 
ume is considered availaole for carry in- payload. 



Required 



p ay 1 oaa v o i ^ .c is com c:-sc^ an tee c „ 

weight ana t ,e initial car no mix selectea. 
further depenae.at upon the stov.-a^e factors 



V- .U N_A. <• ^ ... CtO. 

Trx:.9 v Ox ares are 
initially selected. 
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by the user. 

The availaole and required volumes are compared. If there 
is insufficient volume for the calculated payload weight, the 
design is rejected. If there is sufficient volume, the algor- 
ithm returns to the main routine in order to continue the design 
process. 

3 _ Cost Sub routi ne 

The ship's acquisition cost, annual operating cost, and 
twenty-five year life cycle costs are calculated within this 
subroutine in accordance with Ref. (1). The base cost of each 



design is determined cased on a fixed cost per weight group ton. 
The charges are assumed to reflect material, laoor, and over- 
head costs at the construction site. They are: 

a. W eight Group 1 ~-G90C>/Ton 

b. Weight Group 2 £5000/Ton 

c. Weight Group 3- -^8000/Ton 

a. Weight Group 4 ^9000/Ton 

e. Weight Group 5----i>5000/Ton 

f. Weight Group 6- .^4000/Ton 

g. Weight Group 7-~-§5O000/'Ton 



These costs may be changed readily within the algorithm to re- 
flect ne w information available to the user. 

To the sum of these computed costs, percentages are auaed 
for margin, design and construction, escalation, profit, change 
orders, cost delivery costs, quality assurance, and Navy shock 
requirements. The total of these costs determines acquisition 
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In the same manner that base costs may be changed, these percent- 
ages may also easily be changed to reflect new information de- 
pendent upon prevailing rates in the shipbuilding industry. 

In order to estimate annual operating costs, the following 
empirical relationship is utilized. 

ANOPCT = ( 5^0 . + 11.1 *cc M? ) * 1 000 . 



This relationship was provided to the author by Mr. Oeorge Kerr, 
Surface Ships Design Branch, NAVSEC, Washington, D. C.. It re- 
flects the fact that for estimating purposes, the complement 
assignee, to a ship is the most significant factor in annual 



costs . 



Twenty-five year life cycle costs are estimated oy dis- 
counting the annual operating costs at four percent for 25 years 
and to this figure adding the computed acquisition cost. 

4 . Re p lenishment Scenario 

The mission, fuel requirements for each design are deter- 
mined by use of the following average replenishment scenario. 

Every thirty-six hours, the ACX designed by the algorithm 
is required to replenish a tasx group made up of the following 
ships, at the pumping rate specified, ana at the along- side 
time specified. This is done so that the total amount of cargo 
tr&nsferect may be determined for the t^sx group chosen. 



jrr JUO 



:u:.oin'* Eat 



s 1^.0 r i. :e 



i ntlacA oar.'ier 
6 destroyer Types 
1 Non-carrier Neavv 



150.0 -^i./’nin. 
0000 gal . /.r. in . 
5000 gai . /min. 



45 air., 
30 air., 
45 ir.in, 



This gives the total transferee, cargo oil per replenishment . 

Totals Gallons 

Trans ferrea 

1 Attack Carrier 3 45 min. 720,000 gal. 

3 Dio's A 30 min. (2 along-side together) 90 min. 360,000 gal. 

1 Heavy 3 45 min. 225,000 gal. 

These totals result in 1, 305.000 gallons of cargo oil being 
transferred in three hours. This equals 4591 tons per replen- 
ishment stop as computed in the following relationship. 



1,305,000 gal. 



= 4591 tons 



7 . 48’gaT77Tt3 _ x~ 3S'f t3/ton 
3y further assuming that the delivery ship stes.ms 1000 
nautical miles at twenty knots to and from the replenishment 
area, steams 500 nautical miles at its endurance speed between 
replenishments , and steams three hours burin ~ each replenish- 
ment at seventeen knots, equation 14 may be derived. 

EFUSL = TAP UAL + 3TFUEL + Red J'EL 

TRFUEL = the fuel consumed durinp; transit to and 
from the replenishment area. 

3TFUSL = the fuel consumed between replenishments 

REFUEL = the fuel consumed during replenishment. 

These figures are determined by knowing what S.H.P. is re- 
quired at the specific speed, the specific fuel rate, and the 
number of replenishments to be made. The number of replenish- 
ments is determined oy dividing the cargo fuel weight previously 
calculated by 4591 tons, the weight of cargo fuel transferred 
at each replenishment. The final equations us .a are shown in 
the program list inns , appendix E, ana are cased on specific fuel 



-4C 



This scenario imply s that, the fuel transfer rate governs 
a long- side time. For this study, and the cargo mixes evaluated, 
this aooears to be a valid assumotion. 
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Prograrr. ^oca'.o station 
2 . Variabl e Definition 

The first list is a list of all variable names held witnin 
common storage. The remaining variable names are listed oy the 



subroutines in which 
Name Dimension 

ACCOST 
ANOFCT 

ARMEKT 

3 

3M 

3MAX 

C3 

CM 



Definition 

Computed value of acquisition cost. 

Computed value of annual operating 
cost. 

Input value of armament weight. 

Computed value of ship's beam. 

Computed value of metacentric radius. 

Input value of maximum allowable beam. 

Computed value of blocx coefficient. 

Computed value of midship's coeffici- 
ent. 



CN 


- 


Computed value 


of 


cubic number. 


COMP 


- 


Computed number 


1 in 


. ship's complement. 


COVSRK 


- 


Computed value 


of 


"cost effectiveness" 


CR 


6210 


Array which stores 
coefficients for p 


residual resistance 
owe ring subroutine. 


CV 


- 


Computed value 
ent . 


of 


volumetric coeffici- 


CW 


- 


Computed value 
ent . 


of 


v/aterplane coeffici- 


D 


- 


Computed value 


of 


ship's depth. 


DISPLS 


- 


Comouteu value 
ir.ent . 


of 


light ship displace- 


EFORFL 


- 


Computed value 
factor. 


of 


fuel effectiveness 



dame 


: on 


bef Mali ion 




- 


Computed Value of I'roejw-:- efiective- 
ness factor. 


2 FUEL 


- 


Computed amount of mission fuel re- 
quired . 


E PAY Lb 


- 


Computer value cf payload effective- 
ness factor. 


EVOL 


- 


Computed value of volume effectiveness 
factor. 


FA 


- 


Computed value of available freeboard. 


FMIN 


- 


Computed value of minimum acceptable 
free Doard . 


Il'h\C T 


- 


Computed value of available metacent- 
ric height. 


KA 


- 


First exponent used in the search. 


M3 


- 


Second exponent usea in the search. 


MG 


- 


Third exponent used in the search. 


MD 


- 


Fourth exponent used in the search. 


MIX 


- 


Input indicator for whether or not the 
volume subroutine will be used. 


MODE 


- 


Input indicator for which optimization 
scheme will be usea. 


N 


- 


Input number of loops to be evaluated. 


NCPO 


- 


Computed number of chief petty officer 


NO REV/ 


- 


Computed numoer of' enlisted men. 


NO FI 


~ 


Computed numoer of officers. 


PC 


3 


Array which stores the input values of 
tne propulsive coefficients for each 
of the required design speeds. 


PGTAMO 


- 


Input value of percent cargo weight 
for ammunition. 


PCT3RN 


- 


Input value of percent cargo -weight 
for hiry and refrigerated cargo. 



■*2 1 (T> T >> ^ 
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Input value of percent xiuu^a eaivo 
that is JF-5. 


*D’ : "SU'D 

x U — ill 


- 


Input value of transfer power required 


R a 3 


- 


Computed height of ship's center of 
oouyancy . 


RAG 


- 


Computed height of ship's center of 
gravity. 


RL 


- 


Computed value of ship's length. 


SKP 


- 


Computed value of maximum S.K.F.. 


SHPEND 


- 


Computed value of endurance S.H.P.. 


SKPREP 


- 


Computed value of replenishment S.H.P. 


SKP20 


- 


Computed value of S.H.P. required to 
make 20 kts. 


STOAMO 


- 


Input value of ammunition stowage fact' 
or. 


ST03RN 




Input value of dry and refrigerated 
cargo stowage factor. 


T 


- 


Computed value of ship's draft. 


TCOST 


- 


Commuted value of 2^ year life cycle 

COSl. 


T IME 


4 


Array which stores percent time each 
exponent will operate in the search. 


TRiiX 


- 


Input value of maximum allowable draft 


TRANWT 


- 


Input value of transfer equipment 
we ight . 


VEND 


- 


Input value of endurance speed. 


VFULL 


- 


Input value of maximum speed. 


VOLACT 


- 


Computed value of volume available for 
payload . 


VOLAIR 


- 


Input of volume required by ship's 
aviation features. 



VOLrt.Ew, 




Computed vaiue of volume required by 
the payload. 


VOLT 


- 


Input of volume required by transfer 
equipment . 


VREPLN 


- 


Input value of replenishment speed. 


W 


4 


Array which stores the user weighting 
factors . 


V/PLD 


- 


Input value of required payload weight. 


VTA IR 


- 


Input value of weight required by 
ship's aviation features. 


’.vTAKMO 


- 


Input value of ship's ammunition weight 


V.’TGOA? 


— 


Computed value of the weignt required 
by the ship's officers ana crew and 
their effects. 


V/TFDV/F 


- 


Computed value of feed water weight. 


VTFUEL 


- 


Computed value of oua'-ter fuel weight. 


V/TORP 


7 


Array which stores computed values ol 
the ship's seven weight groups. 


WTL30L 


- 


Computed value of lubrication oil 
weight . 


VTPLD 


- 


Computed value of payload weight. 


vVTPTVR 


- 


Computed value of potable water weight. 


VTSTOR 


- 


Computed value of stores weight. 


X3 


5 


Array which stores independent variable 
of best design. 


XRAX 


5 


Array which stores upper limits for 
independent variables. 


XMIN 


r~ 

0 


Array which stores lower limits for 
independent variables. 


TO ^ rp 

v-/ i 


- 


Input value of the percent of the car- 
go which is liquid. 


XV 


5 


Array which stores the Independent var- 
iables during each design. 



o at siae common storage . 



Name 



1ST 






IJ 

IMA 



r v r 



Definition 

Stores number of loops as a real number. 

Stores best value of COVE RE. 

Counter for the independent variable oein~ undated. 

Counter used when independent variables are placed 
in array X3. 

Number of loops to be searched with the first expon- 
ent . 

Number of loops to be searched with the second ex- 
ponent . 

Number of loops to be searched with the third expon- 
ent . 



L 

T k r 

NiLRR 

T Sg,Kb 
XSAVE 



Counter for the number of trys to successfully up- 
date an inaepenaent variable. 

Counter for the number of loons to oe evaluated. 
Value of the exponent in use. 

Indicator for valid or invalid return from the sub- 
routines. 

Intermediate answer in the draft calculation. 

Saves the value of the independent variable actually 
in use. 



zzz 



Number used in initializing the random number gen- 
erator. 



The following variable 
outside common storage. 

Name Definition 

I - Counter used in 

The following variable 



name appears in the input 



reading the input cards, 
na ae s -''•'■car in the aesir 



suoroutine 



uorou- 



tine outside 



com.:;'. on storage 



::arr.e definition 



" - 


— 


-**■ ° c - - <• 






_.i t..e 


Jr. r. . 


DISLSP 


- 


Computed 


shio we igh 


,t less 


pavloau weight . 


LIS? 


- 


Computed 


sum o f 


the 


shin’s 


seven weight groups. 


GMMIX 


— 


Computed 


value 


of minimum 


acoeptaole me t acentric 






height . 








>10. 'll 


- 


Vertical 


moment 


of 


weight 


group one. 


MO M2 


- 


Vertical 


moment 


of 


weight 


group two. 


1-I0M3 


- 


Vertical 


moment 


of 


w r e ight 


group three. 


moxa 


- 


Vertical 


moment 


of 


v. r e ight 


group four. 


MOM 5 


“ 


Vertical 


moment 


of 


we ight 


group five. 


M0M6 


- 


Vertical 


moment 


of 


v; eight 


group six. 


M0K7 


- 


Vertical 


moment 


of 


weight 


group seven. 


MOM A IR 


- 


Vertical 


moment 


of 


aviation features. 


MOM AMO 


- 


Vertical 


moment 


of 


ship 1 s 


ammunition . 


MOMCOM 


- 


Vertical 


moment 


of 


ship 1 s 


complement . 


MOMFLV; 


~ 


Vertical 


moment 


of 


feed wa 


ter. 


M0MF2L 


“ 


Vertical 


moment 


of 


s h i o 1 s 


fuel . 


MOMMA?. 


- 


Vertical 


moment 


of 


ship ’ s 


margin weight. 


MOMOIL 


- 


Vertical 


moment 

r 


of 


lubricating oil. 


MOMFLD 


- 


Vertical 


moment 


of 


ship's 


payload . 


MOMPOVi 1 


~ 


Vertical 


moment 


of 


potable 


water . 


MOM ST R 




Vertical 


moment 


of 


ship 1 s 


stores . 


NMRR 


_ 


Indica-tor for valid 


or inv 


alid return from this 






subroutine . 








S0401 


- 


Computed 


portion of 


' v.-eight 


group four. 


SO 403 


- 


v 0..i 0 a. tOd 


>-> - - 


- -r* 

- I X 


v. e 1 gh t 


pro up four. 


S 0450 


— 


3 om du 'mCu 


portion of 


vei *nt 


urouo lour. 



-V- 



xla.ne 


^ef _r.it i 




L ) Jb-V — 


VJ 0 -4. U J 


j, v . - „ _ <_ j. ^ jiZ. - _i_ V w • 


D'JCZ Lu — 


Computed 


portion of weight group five. 


S3SHP 


Computed 


portion of weight group five. 


SHPFJL - 


Computed 


value of S.H.P. required for full 


TEST 


Computed 


minimum acceptable payload. 



VSQRTL 

WTMAR 



Coreputed value of speed-len -th ratio needed to enter 
powering subroutine. 



Computed value of margin weight. 

The following variable names appear in the volume subrou- 



tine outside common : 


Name 




Def initioi 


AM 


- 


Computed • 


3LaR 


- 


Volume of 


CMX 


- 


Computed. ' 


O 

Ph 

O 


- 


Computed ; 


DRYRM 


“ 


Volume of 


ELECSP 


- 


Volume of 


EM 


- 


Computed : 


GaLLeY 


- 


Computed 


C-ENL3P 


- 


Volume of 


H3YSP 


- 


Volume of 


Hb 


- 


Computed 


KARMQ 


- 


Volume of 


MISSTR 


- 


Volume of 


N3X 


- 


Computed 


A ^ ? 0 .'i 


- 


Computed 


NEXM 




Computed 



iber of enlisted mess seats. 



— -r 



N ax e 


1 1 -. :i 


NLAV 


sunroaiine . 

Computed numoer ol’ washroom sinks. 


ASH 


Computed number of showers. 


NUR 


Ccmputec numoer of urinals. 


NKC 


Computed number of water closets. 


ORES? 


Volume of the ordinance shop. 


PCSTO 


Volume of the post office. 


THNOFF - 


Volume of the training office. 


V rt MMO 


Computed volume required for cargo ammunition. 


V BERT H 


Computed volume of berthing spaces. 


VCG3SP - 


Volume of the cobbler shop. 


VC PORE - 


Volume required by CPO berthing spaces. 


VC POM 


Computed volume of CPO mess. 


VuRY 


Computed volume required, for quIk cargo. 


VEKBa 


Computed volume for enlistee oerting soaces. 


V aAM 


Computed volume of the enlistee mess. 


VF'JSL 


Computed volume required for ship's fuel. 


VG-RDTL - 


Volume of the chain locker. 


VHD 


Computed volume of the ship's heaes. 


VJ?5 


Computed volume required by cargo JF-5- 


VLADRY - 


Computed volume for the ship's laundry. 


VLU30L - 


Computed volume for ship's lubrication oil. 


VMESS 


Computed volume of messing facilities. 


VOFICE - 


Volume required for office space. 


VOL 


Computed value of internal volume. 


VOLENt •' 


Computed, volume requirec oy engineering scaces 



rj8,!T 6 



uei mit ion 



V S x/ . 



VOLSTR - Volume required by storerooms. 

V PASS'l - Computed volume required for passage ways . 

VPLOIL - Computed volume required for cargo oil. 

VSHOP - Computed volume required for shop spaces. 

VSONR - Volume required for sonar spaces. 

VST3RR - Computed volume required for steering gear room. 
VUPTxv - Computed volume for uptake spaces. 

V’.vATER - Computed volume required for feed and notable water. 

The following variable names appear in the cost suoroutine 
outsiae common storage. 



Name 


Def inition 










cosi 


Computed 


cost 


of 


we ight 


&roup 


one . 


C0S2 


Computed 


cost 


of 


we i ght 


group 


two . 


C0S3 


Computed 


cost 


of 


weight 


group 


three 


C0S4 


Computed 


cost 


of 


we i ght 


group 


four . 


CCS5 


Computed 


cost 


of 


weight 


group 


five . 


C0S6 


Computed 


cost 


of 


we ight 


group 


six . 


C0S7 


Computed 


cost 


of 


weight 


group 


seven 



SCOST 



Commuted sum of the costs of the seven weight groups, 



SCPCO 


Costs 


plus 


change ord; 


SC Pi/2 


Costs 


plus 


design ana 


SCPES 


Costs 


plus 


escalation 


SC PM 


Costs 


plus 


margin cos 


SCPP 


Costs 


plus 


profit cos 


SCPPD 


Costs 


plus 


post celiV' 



*'•, ci.Tib 


^e: ini t ion 


^ ^ z i *“• 


V b h v-' O t J j. -X Cj i u-s ^ v_ ^ 


The f 


ol lowing variable nam 


subrout ine 


outside common stora. 


Name 


definition 


BTFUEL - 


Computed fuel weight 
ing. 


EFF 


Computed value of ef 


ME RR 


Indicator for valid 
subroutine . 


REP UEL - 


Computed fuel weight 
steaming. 


SHPR 


Computed value of re 


TRF'JSL - 


Computed fuel weight 
ishment. area. 


The f 


ollov/ing variable nanrn 


tine outside common storage. 


Name 


Definition 


I 


Indicator for which 



used . 

L - Stores the current value in the loop counter. 

2 . Box Descri ption 

The main or executive routine and all the subroutines of 
the AOX optimization program are subdivided into blocks of cal- 
culations. Each block or grouping of statements performs one 
or more distinct steps during the computation process. This 
breakdown simplifies making changes to the program within the 
established program logic. The blocks, called "ooxes", are in- 
dicated oy comment cards in the program listings (See Appendix E). 
Main Routine: 



UOX 1 



51- 



?aor; 



Box 3 
Box 4-5 

Box 6 
Box 7 

Box 8 

Box 9 

Box 1 0 



3ox 1 1 
Box 1 2 

Box 1 4 

Box 1 5 
Box 16 

Box 17 



lo the first design loop. 

Sets up loop counter. 

Checxs which exoonent Is to be used by the updating 
mechanism. 

Sets up the variable counter within each loop. 

Sets up counter for the numoer of design attempts per 
independent variable. 

Performs the variable updating process and checxs that 
the updated variable is within prescrioed limits. 

Calculates basic ship dimensions and coefficients and 
checks tnat design is within beam, draft, and free- 
board limitations. 



Checxs whether volume subroutine should be called ana 
makes call if necessary. Checxs for adequate volume 
return. Calls cost and effectiveness suoroutines and 
checks for proper return. Compares calculated value 
of cost effectiveness with best previous value. 



Saves independent variables of most recent best design. 
Calls output subroutine to indicate improved design. 



End point of inner 
of design variable 
acceptaole design, 
loop. 



design loop. Restores prior value 
if update did not result in an 
Checxs if program is in the first 



Checxs if ail independent variables have oeen updated 
ana if program hs s produced a CSTAR value during any 
previous design cycle. 

End of design loop. 



Calls outout subroutine to indicate that the program 
is completed. 

Calls output subroutine to indicate no successful 
design achieved from the input parameters. 



Input Suoroutine: 



The incut subroutine reads in the initial data and the re- 



sidual resistance coefficients for the powering suoroutine. 



The 



s u or;. t 

Lx ^ C- _L ■ li 

.nope no. j 
be sign 

Box 1 
Box 2 
Box 7 

POX 8 

Box 9 
Box 1 0 

Box 1 1 
Box 12 
3ox 13 

Box 1 4 
Box 1 5 
Box 1 8 
Volume 
Box 1 
Box 2 
Box 3 

Box 4 



,;e 



1 4 - ♦ c 



x F) . 

Suorout ine : 



- Initializes error indicator to proper return value. 

- Calculates caoic number. 

- Calls powering subroutine for maximum speed S.H.?. and 
the S.H.?. required to make the endurance speed. 

- Calls powering subroutine for replenishment S.H.?. and 
adas to it the required transfer power. 

- Calculates weights for the standard seven weight groups, 
margin weight, and light ship displacement. 

- Calculates crew size, complement weight, ana weights 
for ship's stores, notable water, reserve feea water, 
lubrication oil, and endurance fuel. 

- Checks for adequate aisplacement . 

- Calculates actual payload weight. 

- Checks that actual payload weight is 75^ of the re- 
quired payload weight or more. 

- Calculates minimum CM, KC , 3M, KM, and actual CM. 

- Checks for adequate CM. 

- Provides for inadequate design return to main program. 



Suoroutine : 



- Calculates 


intern; 


al volume 


- Calculates 


volume 


required 


- Calculates 


volume 


required 


ins. 






- Calculates 


volume 


required 


facilities 


• 




- Calculates 


volume 


required 


ing faciii 


ties . 





below the main deck. 

for snip's stores. 

for enlisted and CPO berth- 

for below deems sanitary 

for enlistee and CPO mess- 



Box 5 



JOX 


7 


- Calculates 


volume required 


for oelow oeexs passu geway 


JOX 


8 


- Calculates 


volume required 


o y uptares. 


^ox 


o 


- Calculates 


volume required 


o y steerin' ?ear room. 


3 ox 


10 


- Calculates 


volume required 


by oelov; deers shops. 


DOX 


1 1 


- Provides f 


ixed volume for c 


hain locrer. 


Box 


12 


- Calculates 


volume required 


for ship's liquids. 


Box 


13 


- Calculates 


volumes required 


for machinery spaces. 


Box 


14 


- Calculates 


volume available 


for payload. 


Box 


15 


- Calculates 


volume required 


for actual payload. 


Box 


16 


- Cheers for 


adequate volume 


for pay loaa. 


Box 


17 


- Provides for inadequate volume return. 


Cost 


Subroutine: 







3 ox 


1 




Calculc 
we ight 


•tes basic ; 
groups . 


aquis 


; it ion cost oased on stanaara 


3ox 


2 


- 


Aads 


a 


percentage 


for 


margin. 


uox 


~7. 

> 


~ 


Adas 


a 


percentage 


f or 


design ana construction costs 


3ox 


4 


- 


AC.G S 


a 


percentage- 


for 


escalation costs. 


Sox 


5 


- 


Ada s 


a 


percentage 


f or 


profit . 


30X 


6 


- 


rtdds 


a 


percentage 


for 


change order costs. 


Box 


7 


- 


Adds 


a 


percentage 


for 


cost delivery costs. 


Box 


8 




adds 


n 


percentage 


for 


quality assurance costs 


Box 


o 


- 


Adds a percentage for meeting shock requirements. 
Calculates annual operating costs ana twenty-five 
year life circle costs. 



Effectiveness Suoroutine: 

uox 1 - Calculates endurance factor. 

lates freeboard 



Box 2 



'*'» rs ’ 1 ^ i 

w c* _L o 



ana ouvloaa 



factors . 






ir nec 



jox 2.1 - 

Box 3 
Li ox 4 

jox 5 

Box 6 

Box 7 
Box 8 
3ox 9 

Powering 



w . 1 t; w /v : 



il viixT.Sc' an ■. e 



o " c - r v i. voli...-. footer. 

Cnec.-ts which ootimizatlon scheme is to oe utilized. 

Calculates effectiveness as fixeu number plus the sum 
of the effectiveness factors. 

Calculates effectiveness as a fixed number less the 
sum of tne aosolute values of the effectiveness fact- 



ors . 

Checks that the effectiveness nuraoer is not less than 
or equal to zero. 

Proviues for error return to main program. 

Evaluates cost effectiveness. 

Checks that cost effectiveness is not zero and returns 
to main program. 

Subroutine : 



The powering subroutine is the same as that used in Ref. (7) 
ana is based on Taylor's Standard Series (Ref. (9)). 

Ranaom Number Generator: 

The function suoroutine usea to generate the random numbers 
necessary for updating the independent variaoles is that used 
in Ref. (7) modified to ensure a zero return on the first call 
to the function. 

Output Subroutine: 

The output suoroutine sets up the format for program out- 
put after the f'.rst page. It provides for listing each im- 
provement on the initial design and indicates the final or 
optimum design. 



. . /V 



initial Re quire:. .er.ts for this 



The following initial inpat parameters are listed in the 



order presentee, in Table II. 

1. Required Payloac. - 25,700 tons 

2. Maximum Speed - 26 Knots 

3. Replenishment Speed - 20 Knots 

4. Endurance Speed - 17 Knots 

5. Endurance Range - 10,000 nautical miles 

6. armament height - 80 tons 

7. Ammunition height - 70 tons 

6. Aviation Features height - 641 tons 

9. Transfer Equipment 'height - 1295 tons 

10. Liquid' Cargo - varies from 92;= to 6 5% 

11. JP-5 *• 22.5yo of liquid cargo 

12. Cargo Ammunition -/eight - varies from 6 . 1 % to 27.6; s 

13. bulk Cargo height - varies from 1 .3 /j to 7.4;o 

14. Maximum bean. - 1C9.0 feet 
15* Maximum draft - 42.0 feet 

16. Required transfer Power - 5000 horse power 



i 









i 




Use 



r Instructions 

Prior to using the AGX prog rax, the following aata cards 
must oe provided. 



Card 


Columns 


Format 


Data 




1 


7-12 


Fo . 0 


Initial 


displacement . 




16-20 


F5 • 4 


Initial 


prismatic coefficient. 




24-29 


F6.4 


Initial 


speed-length ratio. 




33-38 


F6.4 


Initial 


beam/draft. 




42-47 


Fo . 3 


Initial 


length/depth . 



2 


7-12 


F6.0 


minimum 


displacement . 




16-20 


F5 ♦ 4 


Minimum 


prismatic coefficient. 




24-29 


F'6 . 4 


Minimum 


speed-length ratio. 




33-38 


F6.4 


Minimum 


be am/a raft . 




42-47 


F6 . 3 


Minimum 


length/depth. 



3 


7-12 


F6.0 


Maximum 


displacement . 




16-20 


F5.4 


Max inrum 


prismatic coefficient. 




24-29 


F6 . 4 


Max imum 


speed-lengtn ratio. 




33-38 


Fo . 4 


i- A ax r*.iUri. 


oeam/ura- o. 




42-47 


F6 . 3 


Maximum 


len-vth/depth. 



4 


7-20 


F2 . 1 


Values aesirea for time array. 




(two soac 


es between 


numbers ) 




23-32 


11 


Search exponents. 




(two soac 


os oe tween 


numoers ) 






14 


Num oe r of loops. 




42-45 


F5.1 


max i rr. um os am • 




50-53 


F4. 1 


Max imum draft. 



5 


7-21 


F3-1 


Four weighting factors. 




(one soace 


between 


numbers ) 




26 


11 


Mode indicator. 




31 


11 


Mix indicator. 


6 


7-9 


F3.0 


Maximum speed. 




12-14 


F3 .0 


Replenishment speed. 




16-20 


v r\ 

% > • - 


Znu aranc e spo -d . 




23-25 


' p 

A > • ~ 


Prooulsivo coefficient at max. spe-_a 




26-30 


— V 
* > • 


r: Onuioivc Cud: ^ ^ -u o .> : cwiu.iioa- 

ms r.i s'/e-rd . 




33-35 


F3 M 


Propulsive coefficient at er.aurance 



7-12 


r 6 . 0 


Reqaired payload. 


1 3- 1 8 


F4.C 


Armame nt weight . 


21-24 


i 4 . 0 


A^.runit j on we ight . 


23-30 


F4.0 


Aviation features weight. 


33-37 


F5.0 


Transfer equipment weight. 


40-46 


F7.0 


Volume required oy transfer equipment. 


50-56 


F7.0 


Volume required for aviation features. 



-4 

1 

o 


F4.3 


Percent liquid cargo by weight. 


13-16 


F4.3 


Percent of liquid cargo for JP-5* 


19-22 


F4 . 3 


Percent cargo weight lor ammunition. 


25-26 


F4.3 


Percent cargo weight for bulk; cargo. 


3 1 “35 


F5 • 0 


Transfer power. 


38-42 


F5 • 1 


Ammunition stowage factor. 


45-49 


F5. 1 


Bulk cargo stowage factor. 



9- 

1043 



22-63 



6F7.3 



Taylor Standard Series residual 
resistance coefiicients (See Ref. (7)) 







I 






c; n 



T c: ' 



Lr : L 



i :■ - ( 






L 

1 



I c ( ? v ■ 

r ' I 



k ~ 



) 1 ' ? 

'CL ( * ‘ - • ) 

I r ( r o X j - 9 •“ . i 
^ L L ^ c T 
C C L L " r r CCT ( M r ~ ‘ 
I : ( “ ^ - ) 1 2 ’ * 1 

I - ( " r ~ - ' 

0 v 1 1 

C C T * ^ C . r ~ 

CALL ^ . T ( A * L ) 

'DO 1 ] 1 I J -1 ! r 
X ■ . ( I J) = x X ( I J ) 



r, ~ T ~ ■ 

r - p.y i 7 

1/: . jc c _- 1 T : • : • 

xv ( i ) = "" vc 

IF ( L- 1 )-A- ? 1- 
r . v i u 

1 * i I - ( I — ) L r ? _ -k 

I ^ ( I J M. * ' 7 
C C X i :• 
i r ■ t i 7-1 - 

C 0 X 1 ^ 

c ' LL DOT ( • L ) 

ro T r ~ 

r- L : -w i “7 

1 - ~ CALL r T ( 1 • L ) 



i 

1 ~> 






O' Ll 



I 




1 



51 



ll 

'[ f 1 ] . 

, :i 

| " ]_2 ' 

j 2 

j, ^ 1 
j. i * 
1 2 

' 12 - 



P' 

l:-- 

12- 



F j 

F 2 



' ’ T 

■ t Tr 

FT'-' 1 *• 
1 'R I Tr 

r j 8, 

■FI" 

r > ^ v 

. ? I 7 

fcp • 

■ : t ~ 

■ T t ~ 

FC 



v ■ • 

T { ~t 



-Vi ' 



C' * 1 ' ' ) 

T { ’ 7 ‘ . 

( - • i V. ) 

t ( v y - i '• 

( • 1 1 7 ) 

( / X ? .. 

{ • 1 - ■ : 

' ( 7 x . 

( ' • 1 i " ) 

V 7 . 

T ( • : ’ J 

('+)??) 

T ( 7 X 5 ! ^ 

■ ■ t •'■ r~ 
( “' ? r: : : ■' ■, : - t 

( W • ) T - 

- '"T 



. 7 . . F ‘ 



i r*T 



\ 



' *r 

I T T 



7 ) 



’ I L V ) 



? 

T ( 7 X ; 

( 

T ( 7 v . i : 

t •' i '• / ' 



, i 



i VT - 



• ~ : ::n 

~ : ; ‘ : ) 

•F o' 



r i _• l 



‘T • } 



- r - n 

I ipr I \f 



L!" T " 



! * J 



‘ ( 7 s I 78 ) ^ r 7 

. T ( 7 X • 17MF-7: V 



9 o _ J 4. J, 



ww 



■ • p i T T 

r ! « 

; T r 

•■i -• i r 
r > ■ t 

- j r- 

F v • • 

• ,r < I T” 

Fg \ • •- 

19h-:;c 

2 L » ; 1 ■ 



T ' 7 , ' . 2 ” • 'I I ' ,7 : ■ 7 ■ ) 

( - . 1 ’ 1 ' 

i ■ • ll: l. 

( A , 1 " 1 ) T ' V' 

-T-y.' 7 : ••• vi u.r ■■ r_’ •' 

( A • 1 ? ? ) "T F" 

TC’v.Ui: ccc- - 3 .: • , 

( A , 1 " -3 ) ■ r 

T ( 7 • . 1” ■ "T 1 r - 1 I " ‘.TV. 

( . ! 1 ~ ] ' J 

r ( :>; • ? <■ 17 • ’ 

( • * ; 

t ( . 1 7 - j t : 

_ — • ? >x t » / - 

''P-.I/I 



. • , . J. 



7 ) 



! C - T ?'”• / « : 2 1 



7 7 / 1 ' 7 , : c 



- r . Y L . . 



IL ; 1 • 



/i - : 
' ‘ YL 






■ T T 



. 17 : 




-f 



T T 



1 • n * • ~ t n 
* * r 



— * 



. PL. - (*p 

K - - ( ->• ” 

C . + 



! ) ) 



f 



{ I 






5 










n 



o 



L 



- ( 



i 



( ' / 



) 



iv ^ ; 

l r rj v 



T ■' r 



*> / r> 



*T 



C 



* cr 



I i 



' - I 







1 










) 



: o ) - : o * : 

T 



~ = ( ( T-'L' 



( ( 



i _ 



v '7 t ) / : r I,) ( 

• " L -- r 
■' /' 



) - . r } 



( * ) 



' / - 






L s ) / 



) ( 



r: r 






( ) 



- *! 1 



~ v r N 



-7C~ 



• • ( 



* T 






( ' 



) 

*» 1 



! 



* 1 



l / ) 



( ' 



' ) 



( * ? 9 1 } 



/ 



= • / S 



^ ( 



„ J ! 






- LL ' • / ) 



~ { 



- T / » 



L 



') 



— 7 













)' * 



c-/; 

I - ( 




) r 



r \ ; 



T ~ " 




l = : 



r i 









; 






I 






- • • ) 



T ^ ? 








V 
















f 



/ 








’1 ! 1 



< L I 






-■> -\ \ a:- 1 i f > q. 


< 1 


i 1 1. 1 L' T 


^ t \ y ' 4 " * 


UAL s r A ' : 
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V A = 1 MB = 3 


O 


5 y E = 7 


K- i 00 




EJ SPL AUC M 


T 


MI N I •' L'M 


f- A x I 1 U A 


I M I T I AL 






A 5 000. 


6 COE D . 


5 2 n 0 0 . 


CP _ . _ . . 


? 


M 1 N I ml. m 


y a x 1 mu 1 


IN. IT I M 



V/SQRT ID 

D/T 

L/0 



.A 8 G 0 
M 1 F I MU’' 
0. 7700 
MINI 1U M 

z . ? roc 

MIM.1DM 
1 0 . 500 



.7000 
• AX I MUM 
C .o 700 
.MAXI MUM 
3 . 7 50C 
MAXI .MUM 
1 A . 000 



.5670 
INITIAL 
0 . ° 2 ? 3 
INITIAL 
2 . 7 ? ? 0 
I.NI 1 I AL 
1 L. 900 



INITIAL ML DU! !< 1: M £ '■ TS 
PAYLOAD. 

MAXIMUM SO LEI 
I EPLENISHMENl SP£LD_ 

ENDURANCE S P L E ( 

endurance range 

A 7 WENT 
AMMUNITION XI 
AVIATION X IS 
TRANSFER EQUIP INERT 
L I QU I C CARGO EQUALS .920 
J05 EQUALS .225 CJ F LIQUID CARGC-.WT.___ 

CARGO Af -',0. EQUALS . 363 OF T( T A L PAYLOAn Vm T 
DRY CARGO E DIALS . C 1 Z . £ r TCIAL PAYLOAD VI. 
AUX I L 1 ARY INP JT DAT A 
_MAX I RUM _AL LOU A£L £ . B I AM 

DR AF 1 



25700. 

2 1 ' . 

20 . .. __ 

17. 

lCOOG.. 

EO. 

-70. 

BA 1 . 

1205. 

CF TPT 



TUNS _ 

XT S 

NTS 

K T S 

MILES 

TONS 

TONS 

TONS 

JONS 

PAYLOAD 0 T , 



MAXIMUM AL LOVABLE 
-.TRANSFER PURER 
OPTIMIZATION MCDE 
CARGO Ml 1 X I NO 1 CAT! 
WEIGHTING FACTORS 

SHI PS ..FUEL. 

F RFF30AP I) 
PAYLOAD XT. 
PAYLOAD VC L . 



I Ov . 0 
A?. 0 
5 000. 
1 
I 



FT 

FT 

HP. 



1 

1 

^ , 

1 






1 



U"J‘: 



' 0 1 



-7 - 



. » ^ \ i ... _ t — > , L ( . - 1 . 1 

Ml v ' l. A Cl ' t • , I ( l i ) •». ) . 7 I ;C ( P- . ’ V/ 3 . 1 l .■»>,-> ^ / '=■. 7 i L / )= 1 l . 10 

?. m a in. rn • >UAS 

If N3Th=795. 2 ! T Li t A 7. - 1 C 6 . 7 f I ORA ^ I =39 .2 FT 3E: > TH=66.3 FT 

_ 3. .FJRtl COE EE LC 1 CN 1 S 

C3 = .5669 CP- .5620 C M = . c 732 CV = .00 <62 CW = . r> 34 

A. P RLPUL S I UN 0A1 A 

MAXI MUM SUP . .. 3 5 33 L . 

f N jURANO F: SUP 19P4?. 

L_ R£PLEM1SH:1l:jT._SKP. 37.54L. 



__ 5 



WEIGHTS 



group 

. GROUP 
GROUP 
GROUP 
GROUP 
-GROUP 
GROUP 
L I GUT 



1 HULL STRUCTURE 12051. TORS 

2 -PRGP'JLS IG\ 1-405.. TUNG 

3 LLLCTR1C. PLANT 365. TONS 

A COM -3. AGO- CUNT . 227,. TOMS. 

5 AUXILIARY SYSTEMS 2660. TONS 

6 0 U T E IT AND GURU. 1 620. TO L S 

7 ARMO-IENT SO. TUNS 

SHIP CIS PI- ACT RE .41 1912 3. TONS 



SHIPS fi,4 I C cK 



CP. 1 1 



SHIPS Af'MJiNI TI JN 
SHI .p S -STORE S 
AVIATION FLA HIRES 
PIT A RLE- A I FR 
PESERVF FEED LATER 
-S H IPS L U HR i L A I 1 f.G G 1 L 
SHIPS fUEL OIL 
-EUEL -Ell L RE 0U1 RED F OR 



MO- .Ef -ELECTS- -6 3 

70 

_ _ 2 0 3 

PA 1 



1 3 7 
2 1 
A 2 30 
3 036 



N I SS ! CN 



.55 
.00 
. 32 
. 00 
. 76 
. I 1 
„ A 6 
. 02 
. 53 



-CONS 
i ONS 
-1 CMS 
TOMS 
TOMS 
TONS 
TOMS 
TOMS 
TOMS 



-5 A. VOL ONES 

REQUIRED PAYLOAD VOLUME 



1217379. F T 3 AVAILABLE 12307 15 . F T 3 



6. 3 A Y L 0 A 0 CAPACITY 

— -TOTAL PAYLOAD {FUEL, STORES, AM MU I 2716-7. TUNS 



7. STABILITY. DATA (MU FREE SURFACE CORRECTION.) 

K 3=22.90 FI K M=2A . 9 0 FT KG=32.A5 FT GU=15.35 FI 



8. COMPLEMENT, OFFICERS 32 CPU 26 



FNL I SEED 



5 26 



9. ECtiNTMIC CAT/ 
ACOJI SITICA Cl, ST 
ANNUAL OP. COST 
_ 25 YEAR. COS T 



6 019 A 112. 
7032671 . 
1 70062176. 



DOLLARS 
PUL LARS 
DOLLARS 



10. EFFECT I VEO ESS, FUEl, FREEBD, 3 AYLD 4T, 

1.99 0 . °9 5.59 



PAYLO 70L , 
0.13 



COST /E 
6A67795 .000 



I ME TuLLJW INu Ah l Til:. RtiT kLS'JI TS HUS K‘- 

1. K AND J ” YAUAoLES, LOOP NUMBER 392 

0 1 SP L AC t M Eim T ( F L ) = 49 6 l A .TIMS CP=.625 V/ SO H T L = . 395 3/T=2.44 3 L/D=I3.)2 

2. MAIN DIMENSIONS 

LENGTH=844.6 FT i3 E A M= 90.7 FI DRAFT=37.1 FT 9EP1H=64.9 FT 



3. FORM COEFFICIENTS 

CB= .6113 CP= .6247 CM= .^785 CV= .00288 CW= .7619 

4. PROPULSION DATA 

MAXIMUM SHP 37827. 

ENDURANCE SHP 18775. 

REPLENISHMENT SHP 36893. 



5. WEIGHTS 



GROUP 


l 


HULL STRUCTURE 


1 1 546 


GROUP 


2 


PROPULSION 


1 4 L 5 


GROUP 


3 


ELECTRIC PLANT 


365 


GROUP 


4 


COMM. AND C J NT . 


222 


GROUP 


5 


AUXILIARY SYSTEMS 


2610 


GROUP 


6 


OUTFIT AND FURN. 


1442 


GROUP 


7 


ARMAMENT 


80 


LIGHT 


SHIP DISPLACEMENT 


18337 



TONS 

TONS 

TONS 

TONS 

TONS 

TONS 

TONS 

TONS 




SHIPS OFFICERS, CREW AND EFFECTS 58.21 TONS 



SHIPS AMMUNITION 
SHIPS STORES 
AVIATION FEATURES 
POTABLE WATER 
RESERVE FEED WATER 

SHIPS LUBRICAT I NG GIL 

SHIPS FUEL OIL 

FUEL OIL REQUIRED FOR 



70.00 TONS 
191.20 TONS 
841.00 TONS 
80.33 TONS 
191.46 TONS 
-21.96 TONS 
4090.75 TOMS 
MISSION 2826.53 TONS 



5A . VOLUMES 

REQUIRED PAYLOAD VOLUME 1228169. FT 3 AVAILABLE 1221 233. F T 3 



6. PAYLOAD CAPACITY 

TOTAL PAYLOAD (FUEL, STORES, AMMO) 25682. TOMS 



7. STABILITY DATA (NO FREE SURFACE CORRECTION) 



KB=20 . 95 FT KM=18 


.25 FT KC= 


32.00 FT 


G y,~ 7.20 FT 




8. COMPLEMENT, OFFICERS 29 


CPO 24 


ENL I STED 


482 


9. ECONOMIC CATA 










ACQUISITION COST 


58401216. 


DOLLARS 






ANNUAL OP. COST 


6484718. 


DOLLARS 






25 YEAR COS \ 


159705984. 


DOLLARS 







10. EFFECTIVENESS, FUEL, FREEBD, PAYLD WT, PAYLO VOL, COST/E 

2.18 1.58 -0.06 0.00 5123016.000 



PROGRAM COMPLETED 
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